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The s c a r r e d  and c r a t e r e d  s u r f a c e s  of t h e  Moon, Mars, and Elercury bea r  
w i tnes s  t o  t h e  major r o l e  m e t e o r i t e  impacts played i n  t h e  early e v o l u t i o n  
of the  p l a n e t s .  Current  t h e o r i e s  on the  o r i g i n  of t h e  S o l a r  System d e p i c t  
an ear ly  phase wher. d u s t ,  g a s ,  and rock matrrisl  forming t t e  So la r  Nebula 
were a c c r e t e d  through a complex, and s t i l l  poorly understood s e r i e s  of 
even t s  t o  form t h e  p r i m i t i v e  p l a n e t s .  The f i n a l  s t a g e  of t h i s  a c c r e t i o n a r y  
h i s t o r y  iiivolved t h e  iiilctise bombardment of t he  p l a n e t a r y  s u r f a c e s  by 
m e t t o ~ - j  t e s  r e p r e s e n t i n g  m w l i  of t he  remaining i n t s r p l  aiietary rock d e b r i s .  
Luiiar rocks c o l l e c t e d  on the  Apollo manned n i s s i o n s  have shown t h a t ,  on the  
Moon, t h i s  pe r iod  of m e t e o r i t e  bcmbardment ended between 4,000 m i l l i o n  and 
3,9CO m i l j i o n  years ago. By 3,5OC m i l l i o n  yea r s  ago, impact ra tes  on t h e  
l u n a r  s u r f a c e  were only s l i g h t l y  higher  than the low l e v e l  of today. On 
Earth,  a ninch more dynamic p l a n e t  than most of i t s  neighbors ,  t he  record of 
t h i s  t e rmina l  bombzirdment has  been o b l i t e r a t e d  by weatneriiig, ercjsion, and 
t h e  r e c y c l i n g  of c r u s t a l  rocks due t o  tectonisni.  U n t i l  r e c e n t l y ,  i t  secmcd 
yrohable t h a t  t h i s  portioil  o f  t h e  E a r t h ' s  h i s t o r y  could be s t u d i e d  only by 
examination of m a t - r r i a l s  c o l l e c t e d  on the Moon o r  i n  o t h e r  pa r t s  of t-he 
S o l a r  System. 
Ln ATI a t t cmpt  t o  develop a c l e a r e r  p i c t u r e  of t h e  e a r l y  e v o l u t i o n  of 
t h e  Earth and i t s  c r u s t ,  g e o l o g i t t s  from t h e  Departmerit of Geology, 
Louisiana S t a t e  Un ive r s i ty ,  have, f o r  t h e  p a s t  s e v e r a l  y e a r s ,  been s tudy inq  
3,500 t o  3,300 m i l l i o n  yza r  o l d  rocks j i i  p a r t s  of Western A u s t r a l i a  and 
South Afric;. l h e s e  form t h e  o l d e s t ,  r e l a t i v e l y  u n a l t e r e d  vo lcan ic  and 
sedimentary sequences preserved on t h e  Ea r th ,  and a r e  only s l i g h t l y  o l d e r  
than the o l d e s t  known t e r r e s t r i a l  rocks ,  3,800 mjlJi~r; y e a r s  o l d ,  from 
westerti Grtienland. The LSU rescarc.h team has  included t c  d a t e  5 
https://ntrs.nasa.gov/search.jsp?R=19850018251 2020-03-22T19:07:26+00:00Z
4 8  
ARCHEAN IMPACTS 
Lowe, D. R. and B y e r l y ,  G. R 
undergraduate s t u d e n t s  i n  geology, 7 graduate  s t u d e n t s  working toward 
blasters 2nd Ph.D. degrees ,  and 4 LSI! geology f a c u l i y  ,.,,zmbers. Th i s  re-  
s ea rch  has  bee11 supported by g r a n t s  f ro=  t h e  Nat ional  Science Fuundation. 
The work h a s  been d i r e c t e d  a t  a wide v a r i e t y  of p r o j e c t s  d e a l i n g  wi th  t h e  
evolutjoli  of t h e  E a r t h ' s  e a r l y  c r u s t ,  oceans,  atiaosphere, 2nd b iosphe re .  
Some of t h e  more important r e s u l t s  have demonstrated t h e  importance,  
abundance, and d i v e r s i t y  of l i f e  cjn Ea r th  3,500 m i l l i o n  years ago. 
In the  course of t h i s  r e s e a r c h ,  we have i d e n t i f i e d  twC; ri4:her i nco r .  
spicuous l a y e r s ,  m e  i n  Western Aus t r a J i a  and a second i n  Soath Africa, 
t h a t  c o n t a i n  abundant unusual s p h e r i c a l  p a r t i c l e s  clc.t,rIy resembliqg 
chendrules.  Trcs chondrules a r e  p a r z l c l e s  g e n e r a l l y  0.1 t c .  i.' n i l l i m e t e r s  
i n  diameter ,  commonly roughly s p h e r i c a l ,  t h a t  a r e  a tundan t  c o n s t i t u e n t s  of 
mauy m e t e o r i t e s .  
p rocesses ,  a s  y e t  poorly ui idt~rs tood,  a c t i v e  du r ing  t h e  a c c r e t i o r .  of matkr  
wi th in  the  p r i m i t i v e  So la r  Nebula. Chondrules also occur i n  small quan- 
tities i n  l una r  soils. The i r  o r i g i n s  on t h e  Moon h v e  beeti a t t r i b u t e d  t o  
both m e t e o r i t e  impscts and vo lcan ic  p rocesses .  
They appa ren t ly  formed over 4,500 m i l l i o n  y e a r s  ago by 
Choncirules and chondrule- l ike bod ies  a r e ,  however, r a r e  i n  t e r r e s t r i a l  
s e t t i n g s .  They h a t e  been r epor t ed  a s  t r a c e  couponenta of e j e c t a  b l a n k e t s  
around one O K  two r e l a t i v e l y  ytxing m e t e o r i t e  impact crater : ; .  S i m i l a r  
p a r t i c l e s ,  appa ren t ly  produced by t h e  me l t ing  of meteors du r ing  passage 
through t h e  E a r t h ' s  atmosphere, occur s p a r s e l y  w i t h i n  deep-se-1 srdiments .  
Chondruie-like p a r t i c l e s  have a l s o  been r epor t ed  from t5 m t l l i o n  year  o l d  
d e t r i t u s  farmed by the c i i t n s t roph ic  meteori t  e impact t h a t  may have l e d  t o  
t h e  ex t i i i c t ion  of t h e  cljiwsaurs and many o t h e r  gioups of animals .  
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In  Western A u s t r a l i a  and South Africa, c\ondrui :-like p a r t i c l e s  have 
been four;d i n  two layers, each lebs than 1 m t h i c k ,  interbedded w i t h i n  
t h i c k  sequences of vo lcan ic  and sediairntary rocks.  The chondrule- l ike 
g r a i n s  appear t o  have accumulLted almost h s t a n t a n e o i r s l y  by t h e  fa1 1 of 
m a t e r i a l  from t h e  atmosphere h t o  a wide v a r i e t y  of s t x f i c i a l  sedimentary 
rnvironmeqts. 
a c t i v i t y ,  and the  chondrule- l ike g r a i n s  were t r a m p o r t e d  and mixed with ii 
v a r i e t y  of o t h e r  d e t r i t m .  
Many of t b - s e  rnvironments were a f f e c t e d  by wave and c u r r e n t  
Most ol t hese  3,506 m i l l i o n  year  o l d  chonciiule-like g r a i n s  a r e  
spheroids  t h a t  show interria3 s t ruc tu r ' t  and t e x t u r e s  i n d i c a t i n g  t h a t  they 
formed by t h e  r ap id  c c o l i n g  arid quenching of l i q u i d  s i l i c a t e  d r o p l c t s .  
Their temperatures were probably i n  excess  of 1000° Centigrade.  The 
compositions of t he  p a r t i c l e ;  suggest  t h a t  t h e  a r o p l e t s  r ep resen ted  aielted 
p o r t i o n s  o t  t he  i m e d i - r e l y  underlying rock sequences. lte complex comDo- 
s i t i o n s ,  wide d i s t r i b u t i o n s ,  and absence cf c l o s e l y  a s s o c i a t e d  v o l c a n i c  
materials argue t h a t  tilt! chondrule- l ike p a r t i c l e s  i n  these  a n c i e n t  t e r r e s -  
t r i a l  rocks a l s o  formed by melt ing of heterogenecus t a r g e t  rochs du r ing  
m e t e o r i t e  impacts.  
If formed by impact me l t ing ,  t h e s e  d e p o s i t s  dOCUJlt!nt t h e  o l d e s t  
r e c o r d e i  t e r r e w t r i a l  impact even t s .  They l end  s t r o n g  support  t o  t h e  i d e a  
t h a t  somt' chondrules i n  m e t e o r i t t s  could have formed on t h e  s a r f a c e s  of 
planet-s ized bodies  du r ing  impact events .  
a r e  cxtremely r a r e  i n  the  much more voluminous 
abundances l i k e  those  i n  t h e s e  a n c i e n t  deposi:s *.re uriknown except  i I. 
me teo r i t e s .  These f e a t u r e s  suggest  t h a t  a p a i t  of t h e  E a r t h ' s  terotirial 
S i m i l a r  choil2rule-like o b j e c t s  
young'r gc.ologic record and 
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boabardment history is preserved in the geologic record and available for 
study, and also tha: conditions favoring chondrule formation, not present  
today, existed 011 the early Earth. 
